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: (a) Enthalpies of the P mma Na 2 S 2 at 140 GPa and (b) P mmm Na 2 S 2 at 0 GPa (PBE/optB88-vdW) as a function of the product of divisions along each reciprocal lattice vector with the real lattice constant (k-point meshes). The enthalpies are converged within 1 meV/atom (140 GPa) and 2 meV/atom (PBE/optB88-vdW) for the chosen k-point mesh of 50Å.
S5
S2 Structural Coordinates of Na x S y Phases Figure S6 : Relative enthalpies of various phases from 100 to 200 GPa: (a) Na 4 S, (b) Na 3 S, (c) Na 2 S, (d) Na 2 S 2 , (e) Na 2 S 3 , (f) Na 2 S 4 , (g) Na 2 S 5 , (h) Na 2 S 6 . Only one Na 2 S 8 structure was found, so the plot of relative enthalpies is not provided. S10 
S4 Equation of States of Na
S5 Enthalpies of Formation and Volumes of Na x S y Phases at 0 GPa Table S3 : Enthalpies of formation (∆H F ) calculated using the PBE and optB88-vdW functionals for various Na x S y phases at 0 GPa. ∆H F calculated using the PBE functional including the zero point energy (PBE+ZPE) is also provided. α-Na 2 S 2 (P 6m2), β-Na 2 S 2 (P 6 3 /mmc), γ-Na 2 S 2 (P mmn), Na 2 S 3 C2/c-I, Na 2 S 3 Cmme, α-Na 2 S 5 (P nma), -Na 2 S 5 (P ba2) have been discussed in literature. [1] [2] [3] [4] System Table S5 : Zone-center vibrational frequencies in cm −1 for various Na x S y phases at 0 GPa. Only frequencies higher than 400 cm −1 are listed. α-Na 2 S 2 (P 6m2), β-Na 2 S 2 (P 6 3 /mmc), γ-Na 2 S 2 (P mmn), Na 2 S 3 C2/c-I, Na 2 S 3 Cmme, α-Na 2 S 5 (P nma), -Na 2 S 5 (P ba2) have been discussed in literature. [1] [2] [3] [4] System Vibrational Frequencies at Γ (cm −1 ) α-Na 2 S 2 P 6m2 461, 441, 441 β-Na 2 S 2 P 6 3 /mmc 432, 422 γ-Na 
S7 Electron Localization Functions

